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[es] Estudio sintaxonómico de los bosques relícticos de pino silvestre (Pinus








ción estadística de las unidades de vegetación nos hace proponer una nueva asociación (Genisto cinerascentis-
Pinetum salzmannii) y una nueva subasociación de una comunidad descrita en un trabajo anterior (Echinosparto
barnadesii-Pinetum ibericae pinetosum salzmannii).
Palabras clave: Pinus nigra subsp.salzmannii;Pinus sylvestris var.iberica;sierradeGredos;Fitosociología;análi-
sismultivariantes;ecologíadelascomunidadesvegetales.






Pine species are important components of





the Iberian Peninsula, Pinus nigra subsp.
salzmannii and P. sylvestris are among the
commonest species in mountainous areas,
bothintheAtlanticandtheMediterraneanbio-
geographical regions (Blanco Castro & al.,






by their current fragmented distribution
(Génova&al.,2009),sincepredictedgenetic





tal changes (Benito Garzón & al., 2006,
2008a,2008b;Gea-Izquierdo&al.,2015).
Black pine (Pinus nigra s.l.) is the most




al., 1991). In the Iberian Peninsula, Spanish
black pine forests are mainly found in the
supramediterranean bioclimatic belt under
humid or sub-humid climates (900-1500 m
asl), although the relict populations of the
Spanish Central System on granitic rocks
(Gredos and Guadarrama ranges) are also
foundundercoldperhumidclimate(Regato&
al., 1991, 1992, 1995; Regato & Del Río,
2009). Scots pine (Pinus sylvestris s.l.) is a
Eurosiberian forest tree speciesgrowing in a
large variety of ecological conditions from
WesternEurope toAsiaand themostwidely
spread among pine species (Ruby &Wright,
1976). Its natural range extends northwards
from warm southern areas of Spain and the
mountainsofnorthernIran(37ºN)toarticlat-
itudesinFennoscandia(71ºN),andwestwards
from longitudes 6°W (Scotland and Iberian
Peninsula) to 135°E in Siberia (Boratynski,










to controversial interpretations and positions




cating the native origin of pine forests from
historical and palaeoecological studies
(Génova & al., 1992, 2009). In the Gredos
range,macrofossil and palynological records
show the presence of both pine species
throughout the Holocene (Rubiales & al.,
2007,2012;López-Sáez&al.,2014),suggest-
ingthepermanenceofwidespreadhigh-moun-
tain pine woodlands in these mountains at





Spanish black pine forests of the Gredos
range are known for a long time (Gómez
Manzaneque, 1988; Regato & al., 1992),
although no phytosociological approach has
beendone so far.OnlyGalándeMera&al.
(1999) have conducted a first approximation
of their communities, including them within
the Vaccinio-Piceetea class, Pinetalia
sylvestris orderandCytision oromediterranei
alliance,butwithoutdescribinganyownphy-
tosociological association of these forests.






& al., 1988; Regato & Escudero, 1989;
Gamisans & al., 1991; Regato & al., 1995;
Regato & Elena Rosselló, 1995; Rivas-
Martínez&al., 2001,2002,2011). It is also
noted that the high state of degradation of
Pinus nigra subsp. salzmannii forests of the
Gredosrangehassofarhinderedanyattempt




throughout the Iberian Peninsula have been
described in the Pyrenees, the northern and
southern Iberian range, Baza and Sierra
NevadamountainsintheBaeticrange(Rivas-
Martínez, 1987; Loidi & al., 1997a, 1997b;
Rivas-Martínez&al.,2001,2002).Although
Pinus sylvestris forests from the Spanish
CentralSystem(P. sylvestris var.iberica)have
hardlybeentreatedintothephytosociological
literature, with some exceptions for the
Ayllón, Guadarrama and Pela ranges (De la
Cruz&Peinado,1996;Rivas-Martínez&al.,




Gredos range (López-Sáez & al., 2013).
Nevertheless the geobotanical recognition of
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Scotspineforestsasaseriesofvegetationin
the Gredos mountains was highlighted by
Rivas-Martínez&al. (2011),forcommunities











The Gredos range is located at the western
sectoroftheSpanishCentralSystem,showing
the highest altitudes (>2000 m asl) of the




gy, separated by intramontane valleys. The
tectonicconstitution,atiltedhorst,withafault








belongs to the Bejaran-Gredensean sector,
Carpetan-Leonese biogeogaphical sub-
province, Iberian Western Mediterranean







forests (González Molina, 2006). This pine
speciesappearsveryunevenlyonthesouthern
slopes of the centralmassif of themountain




pastoral pressure in the supra- and orosub-
mediterranean bioclimatic belts (López-Sáez
&al.,2009,2014).However,onthenorthern
slope of Gredos range, it covers an area of
about 2000 ha in the upper basins of the
Alberche and Tormes rivers, where it forms
notable woodlands in Hoyos del Espino,
Navarredonda and Hoyocasero in the
supramediterranean and suprasubmediter-
raneanbioclimaticbelts(Génova&al.,2009;
Sánchez-Mata,2015). Inaddition to thepure
forests,italsoformsmixedforestswithPinus
nigra subsp.salzmannii dependingonecolog-
ical gradients (López-Sáez & López-García,
1994;Regato&al.,1995).
Spanish black pine populations of the
SpanishCentralSystemareuniquetopeninsu-
lar level for being the only ones exclusively
developed on siliceous substrates (granitic
rocks, gneisses and micaschists) (Génova &
Moya,2012).TheirpopulationsintheGredos
range mark the western limit of the species
throughoutitsrange(Regato&al.,1995).In
thesemountains,Pinus nigra subsp.salzman-
nii appears sparselyas isolatedpinecopses -
sometimeswithinmaritime pine (P. pinaster
s.l.) or Pyrenean oak (Quercus pyrenaica)
forests- on the southern slopesof the central
and eastern massifs (Regato & al., 1992),
although some isolated populations develop
onthenorthernslopesintheIruelasvalleyas
well as a very important one (40 ha) in the
municipality of Navalacruz (Gandía & al.,
2005;Arias &al.,2011).Somehow,itcanbe
said that this pine in theGredos rangehas a
rupicolousvocation, as inmanyotherpenin-
sularterritories(Regato&al.,1991),occupy-





and P. sylvestris var. iberica in the Gredos
range were analysed (Figure 1). Forty nine





al., 2013). The phytosociological approach
(Braun-Blanquet, 1979) was used to obtain
relevés,includingtopographicandotherdata
of individual plots, such as altitude, longi-
tude, latitude and aspect.Additionally alder
(Alnus glutinosa), maritime pine (Pinus
pinaster s.l.) and Pyrenean oak (Quercus
pyrenaica) forests which locally include
relictSpanishblackpineswerealsosampled.
We chose homogenous sampling plots with
anareaof100m2.
The location of each relevé is referred in
Tables 4 and 5, except for the following
relevés:18,ArenasdeSanPedro,RíoPelayos,
530 m asl; 19, Piedralaves, Monte Dehesa
Avellaneda,805masl;23,ElArenal,Collado
de la Vuelta, 1,175 m asl; 39, Piedralaves,
Garganta de Serradilla, 1350 m asl; 41,
Piedralaves,RobledodelaAngostura,1240m
asl;48,ElTiemblo,ArroyodelPuerto,880m





In order to establish ecological, floristic and
phytogeographical relationships among
relevéswehavecarriedoutmultivariateanaly-
ses based on classification and ordination of
vegetationdata.
Classificationwasperformedbyhierarchi-
cal cluster analysis (HCA)with the program
IBMSPSSStatistics21usingthematrixofthe
EuclideandistanceandWard’sminimumvari-
ance method (Ward, 1963), which has been
showntooptimizetheinternalhomogeneityof




Detrended correspondence analysis (DCA)
wasperformedusingCANOCO4.5(terBraak
& Šmilauer, 2002). Detrending by segments,
square-root transformation of the cover abun-
dances of taxa and downweighting of rare
specieswereapplied.Althoughthelongestgra-
dient is shorter than3S.D. (Table1), theuni-
modalmethodisalsoconsideredasanappropri-
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ateanalysisofcommunitycompositionaldata,




tation of the ordination diagram. Correlations
between DCA relevé scores and explanatory
variables were analysed by Spearman’s rank




fidelity (Chytrý & al., 2002). As diagnostic
species(Table3),weusedonlyspecieswithΦ
≥0.25 and a statistically significant (p<0.01)
association with a particular vegetation type
accordingFisher’sexacttest,performedinthe
JUICE7.0program(Tichý,2002).Ifa taxon
hada fidelityvaluehigher than25% inonly
onesynoptic table, then itwasconsideredas
diagnosticofthevegetationunitofthehierar-
chicallevelrepresentedbythecorresponding
synoptic table, whereas if the same value is
giveninmorethanonesynoptictable,thenit
wasconsideredasdifferentialofthehierarchi-
cal level in which it presented the highest
fidelityvalue.
Traditionally, thephicoefficientconsiders
only the presence/absence of taxa, so that
fidelity values calculated using this coeffi-
cientarenot influencedbyspeciescoveror
abundance (Tichý & al., 2011). Its main
advantageititsindependenceofdatasetsize
(Tichý, 2002). The highest Φ value (1) is
achieved if thespeciesoccurs inall relevés
of the vegetation unit and is absent else-
where. A positive value <1 mean that the




with a smooth decrease of their percentage
constancy (Table 3). A Φ value of 0 is
obtainedwhen the relative frequencyof the
species (constancy) in the vegetation unit
equals the relative frequency in the rest of
the dataset, thus indicating no relation






pilations of Flora Europaea (Tutin & al.,
1964-1980)fortaxanotincludedinthefor-
mer; the exceptions are specifically men-
tioned in the floristic appendix.
Syntaxonomical scheme, nomenclature, and
syntaxa authorities follow the compilations
and proposals of Rivas-Martínez & al.
(2001,2002,2011).
Results





ed. As shown by the dendrogram analysis
(Figure2),twomainclustersemerged(Aand
B), corresponding to the segregation of the
two main vegetation units compared in this
work, where Spanish black pine and Scots
pineforestsintheGredosrangewereseparat-
ed.Whilethreeoftheseclustersrepresentthe
Pinus sylvestris var. iberica forests, the last
four are formed by pure or mixed P. nigra
subsp. salzmannii communities. Cluster A
makesreferencetoPinus sylvestris var.iberica
woodlandsandclusterBmakereferencetothe
remaining woodlands containing P. nigra




respectively separating orotemperate sub-
mediterranean(oceanic)Scotspinecommuni-
ties (clusterA1) from thoseof the supratem-
perate supramediterranean (oceanic) ones
(clusterA2).Thefollowingthresholdofclus-
terA1(truncationlevelof11.15)clearlysepa-
rates samples containing Spanish black pine
(cluster A1b) from those without (cluster
A1a).RelatingtoclusterB,themajorsegrega-
tionattruncationlevel6.77,separatesB1and
B2 clades. The main disjunction promoted
hereisduetothesignificantpresenceofother
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Table 1. Results of Detrended Correspondence
Analysis(DCA)of57relevéshosting98species.
Axes Axis 1 Axis 2
Eigenvalues 0.131 0.067
Lengths of gradient 1.013 1.060
Cumulative percentage
variance of species data
21.3 32.1
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Figure 2. Hierarchical cluster analysis (HCA) of the 57 relevés of high-mountain pine forests of the
Gredosrange.Dottedlinesindicatethedifferentthresholdsthatsubdividethedendrogrammentionedin
thetext,fromrighttoleft.





writtingmode’ for the following taxa:Carex elata subsp. reuteriana (C. reuteriana),Festuca elegans
subsp. merinoi (F.merinoi),Festuca paniculata subsp.multispiculata (F.multispiculata),Juniperus communis
subsp.alpina (J.alpina),Leucanthemopsis pallida subsp.alpina (L.alpina),andPotentilla alpina subsp.
apiifolia (P.apiifolia).
forestspecies inclusterB1,while thecluster
B2 corresponds to pure Spanish black pine
forests.TheunderclustersB1atoB1c,respec-
tively segregate other forest formations that
contain sporadically some Spanish black
pines:Quercus pyrenaica woodlands (cluster
B1a),Pinus pinaster s.l.forests(clusterB1b),











Spearman rank correlation analysis
betweensamplescoresfromtheDCAanalysis




fact, in the DCA ordination diagram of the
relevés, there is a clear altitudinal gradient
along the DCA axis 1: orosubmediterranean
Pinus sylvestris var. iberica and P. nigra
subsp.salzmannii dominatedforestsappearat
theleftpartoftheaxis(clustersA1aandA1b),




a significant effect on vegetation along the
axis1(Figure3b):Pinus sylvestris var.iberi-
ca,Cytisus oromediterraneus,Echinospartum
barnadesii,Nardus stricta andJuniperus com-
munis subsp.alpina arelocatedontheleftside
oftheDCAaxis1;P. nigra subsp.salzmannii,
Festuca elegans subsp.merinoi, andGenista
cinerascens in themiddle of it; and, finally,
Quercus pyrenaica, P. pinaster s.l., Daphne
gnidium andLavandula pedunculata, among
others,ontherightpartofDCAaxis1.
The second axis was weakly correlated
with aspect (r=0.18) and altitude (r=0.14;
Table 2), which does not have ameaningful
explanation on the vegetation differentiation.
AlongDCAaxis2,samplesfromclusterB1c
(alder forests)were located at the top of the
ordination diagram, clusters A1a, A1b, B2,






nostic taxa of cluster B1c (Alnus glutinosa,
Salix atrocinerea, S. salviifolia, Carex elata
subsp. reuteriana, Ruscus aculeatus and










est vegetation in the Gredos range includes
seven different plant communities. Two of
them are dominated by Pinus nigra subsp.
salzmannii (clusters A1b and B2), one of





3a). Finally, clusterB1 represents forest for-
mations dominated by other tree species -
Quercus pyrenaica (B1a),Pinus pinaster s.l.
(B1b) and Alnus glutinosa (B1c)- that can
promptly contain Spanish black pines (P.
nigra subsp. salzmannii). The main factor
affecting the floristic differences between
communities in theGredos range is altitude,
which is signiticantly correlated with DCA
axis 1 (Table 2), reflecting, among others, a
temperatureandprecipitationgradient.
Cluster A1a represents xerophilous,
orotemperate submediterranean (orosub-
mediterranean) hyperhumid relict Scots pine
mesoforests from the middle oromediter-
raneanbeltoftheGredosrange(~1600-1800
m asl). Relevés from cluster A1a scored
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Table 2. Spearman rank correlations coefficients
(p<0.01)between thesamplescoreson theDCA
axes1and2andenvironmentalvariables.











non-significant fidelity at p<0.01. Superscript values indicate percentage frequency (constancy) of
species;dotsindicatespeciesabsence.Onlyspecieswithaconstancy>25%arelisted.
Cluster A1a A1b A2 B2 B1a B1b B1c
Number of relevés 8 10 9 21 3 3 3
Diagnostic species of cluster A:














Diagnostic species of cluster A1:
Echinospartum barnadesii 56 100 57.6 100 --- . --- 14 --- . --- . --- .














Cytisus oromediterraneus 40.7 100 41.4 100 --- 78 --- 23 --- . --- . --- .
Diagnostic species of cluster A1a:
Cytisus striatus subsp. eriocarpus 92.5 88 --- . --- . --- . --- . --- . --- .













































Agrostis castellana 27 100 --- 11 --- 44 24.7 91 --- 100 --- 67 --- 67















Agrostis delicatula --- . 30.5 78 --- . 26.3 64 --- 67 --- 33 --- .






























Lotus corniculatus s.l. --- . --- . 57.5 89 --- 23 --- 67 --- 33 --- .















Achillea millefolium --- . --- . 53.4 100 --- 45 --- 33 --- 67 --- .



























































Stemmacantha exaltata --- . --- . 44.2 22 --- . --- . --- . --- .















Euphorbia nevadensis --- . --- . 44.2 22 --- . --- . --- . --- .















Senecio jacobaea --- . --- . 44.2 22 --- . --- . --- . --- .















Anthoxanthum odoratum --- . --- 33 41.8 89 --- 45 --- 33 --- 33 --- .
Cytisus scoparius --- . --- . 37.2 100 --- 68 --- 100 --- 100 --- 67
Jasione montana subsp. echinata --- . --- 22 32 89 25.6 73 --- 100 --- . --- .
Pteridium aquilinum --- 50 --- 11 27.4 100 --- 82 --- 100 --- 100 --- 67
Diagnostic species of cluster B2:
Lactuca vimineas.l. --- . --- 11 --- . 56.2 50 --- . --- . --- .
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Lavandula pedunculata --- . --- . --- 11 47.1 64 --- 67 --- 33 --- .















Pinus nigra subsp. salzmannii --- . 27.4 100 --- . 35 100 --- 100 --- 100 --- 100















Koeleria crassipes --- . --- 33 --- . 28.2 50 --- 33 --- 67 --- .
Festuca paniculata subsp.
multispiculata
--- . --- 44 --- 67 26.6 77 --- 100 --- 33 --- .






























Diagnostic species of cluster B1a:















Rosa canina --- . --- . --- 11 --- 18 49.9 67 --- 33 --- .
Diagnostic species of cluster B1b:














Daphne gnidium --- . --- . --- . --- 18 --- 67 49.9 67 --- .



























































chieftly between -0.11-0.12 S.D. units along
DCAaxis1(Figure3a),beingforestcommu-
nities emplaced at higher elevations of the
study. Diagnostic species of the community
are Pinus sylvestris var. iberica, Juniperus
communis subsp.alpina,Cytisus oromeiterraneus,
C. striatus subsp. eriocarpus, Armeria




ment such as Echinospartum barnadesii
(Sánchez-Mata, 1989, 1999;De la Fuente&
Ortúñez, 2001). This cluster corresponds to
theEchinosparto barnadesii-Pinetum ibericae
community described by López-Sáez & al.
(2013), representing theScotspineforestsof
the timberline (Sánchez-Mata, 1999, 2015).
These forests are considered as xerophilous
becausetheyarecoveredbywintersnowforat
least 4-5 months and grow on moderate to
highlystonysoilswith lowedaphicdevelop-
ment(Gavilán&al.,1998;Martínez-García&
Montero, 2000; Gavilán, 2005; López-Leiva
&al., 2009). In theGredos range, this com-
munity is only represented on the southern
slopebyisolatedandscatteredsmallforestsor
copses mostly affected by fires and grazing




(La Rubía) from the central massif of the
Gredos Range (1710-1800 m asl). In this






massif of the Gredos range this community
appears at lower altitude than in the central
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Table4. Echinosparto barnadesii-Pinetum ibericae Sánchez-Mata,Gavilán&López-SáezinLópez-Sáez&
al. 2013typicum (1-8);pinetosum salzmannii subass. nova (9-18)
(Avenello ibericae-Pinion ibericae,Pino sylvestris-Juniperetalia sabinae,Pino-Juniperetea)
Altitude (1=10 m) 177 180 175 171 140 135 170 1712 148 143 154 157 154 157 141 165 149 146
Aspect SE SE SE SE NW NW W SW SE SE SE SE SE SE SE SE SE SW
Sample number (Fig. 3) 1 2 3 4 11 12 14 15 25 26 27 29 30 33 35 36 43 46
Number of species 15 15 17 20 12 15 14 14 17 15 11 11 13 16 22 22 17 28
Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Characteristics
Pinus sylvestris var. iberica 5 4 4 4 5 4 4 4 1 1 2 1 + 1 1 2 1 2
Cytisus oromediterraneus 1 2 1 1 2 2 2 1 2 3 2 3 3 2 2 2 2 3
Echinospartum barnadesii 2 3 3 4 3 3 3 2 1 1 2 2 + 2 3 2 2 1
Juniperus communis subsp.
alpina
1 + 1 2 2 1 1 2 + + 1 2 1 2 1 2 1 ·
Avenella iberica 1 2 + + 1 1 1 1 1 1 1 1 + · + 1 1 1
Differentials of typicum
Arrhenatherum elatius s.l. 1 1 + + 1 1 1 1 · · · · · · + 1 + 1
Agrostis castellana 1 + 1 1 1 1 1 1 · · · · · · · · 1 1
Armeria caespitosa 1 1 + + 1 1 1 1 · · · · · · · + · ·
Cytisus striatus subsp. eriocarpus 1 + + + · + 1 + · · · · · · · · · ·
Leucanthemopsis pallidasubsp.
alpina
· + + + + + · + · · · · · · · + · ·
Nardus stricta + · · · · · · + · · · · · · · · · ·
Differentials of pinetosum salzmannii
Pinus nigra subsp. salzmannii · · · · · · · · 3 3 3 3 2 2 3 2 3 2
Corynephorus canescens · · · · · · · · 1 + 1 1 1 + + 1 + 1
Agrostis delicatula · · · · · · · · 2 1 2 + 1 + + 1 + +
Shrubby, forest and perennial companions
Festuca elegans subsp. merinoi · · + + · · · · 1 + · · 1 · · · · 3
Festuca paniculata subsp.
multispiculata
· · · · · · · · + · · · · + 1 + · ·
Festuca gredensis 1 1 1 1 1 1 1 + 1 2 2 2 1 1 1 1 · 2
Genista cinerascens · · · · · · · · + + · · · · · · · 2
Luzula lactea 1 1 1 + 1 + 1 1 + · · · · + 1 1 · 1
Erica arborea · + + + · · + · · · 1 · 1 · + · · 1
Pteridium aquilinum · · + + + · + · · · · · · · · · 1 2
Poa bulbosa · + + · · + · + · · · · · + + 1 1 1
Santolina oblongifolia · · · · · · · · + · · · · · · · · +
Rubus ulmifolius · · · · · · · · · · · · · · + · · +
Thymus mastichina + · · · · + · · · · · · · · · · · ·
Others
Cerastium ramosissimum · + 1 + · 1 · · · · · · · · + + 1 ·
Rumex acetosella subsp.
angiocarpus
+ · · + · · · · · · · · · · + · · 1
Carduus carpetanus + · · · · · · · · · + · + · · + · 1
Jasione montana subsp. echinata · · · · · · · · + · · + · · · · · ·
Anthoxanthum odoratum · · · · · · · · · · · · · · + + 1 +
Arenaria montana · · · · · · · · · · · · · + + + 1 ·





Other species: shrubby, forest and perennials companions:Sorbus aucuparia + in 4;Cytisus scoparius 1,Crataegus
monogyna 1andPinus pinaster s.l.1in46.Others:Jasione sessiliflora andUrtica dioica +in4;Jasione montana subsp.
echinata +in25;Lactuca viminea s.l.andOriganum vulgare +in26;Sedum forsterianum +in33;Galium rotundifolium,



















in thepast they coulddominateboth species
(Regato &al.,1991,1992;López-Sáez&al.,
2014). Pinus sylvestris var. iberica,
Echinospartum barnadesii,Juniperus commu-
nis subsp. alpina and Cytisus oromediterra-
neus are diagnostic species of both clusters
A1aandA1b;whileCorynephorus canescens,






resistantthatP. sylvestris var.iberica (Aussenac,






Sáez & al., 2013, 2014; Abel-Schaad & al.,
2014),allpreviouslymentionedfactsallowus
to propose a new pinewood subassociation:
Echinosparto barnadesii-Pinetum ibericae
Sánchez-Mata, Gavilán & López-Sáez in
López-Sáez & al. 2013 pinetosum salzmannii
subass. nova hoc loco (Table 4, holotypus,
relevé 9). It represents orotemperate sub-
mediterranean (orosubmediterranean) humid
relict Spanish black pinemesoforests growing
throughout the central and eastern Gredos
Mountains(Figure1,Table4).Astypicalsubas-
sociation (typicum, cluster A1a), this new
describedsubassociationisalsorepresentedon
thesouthernslopeoftheGredosrangebyiso-
lated copses that have also suffered recurrent
action of fires, overgrazing and indiscriminate
felling (Regato & al., 1992; Rubiales & al.,
2007,2012;López-Sáez&al.,2014).The ten
inventories presented in this paper are always
from southeast oriented populations (Table 4),
becausetheSpanishblackpineisaspeciesthat
demandbrightsituations(ElenaRosselló&al.,
1985; Elena Rosselló & Sánchez Palomares,
1991; Regato & Elena Rosselló, 1995).
Cluster A2 included samples from xero-
mesophilousPinus sylvestris var. iberica for-




1570 m asl on granite soils (Figure 1). The
dominanceofPinus sylvestris var. iberica in
their relevésplaceswithin the clusterA,dif-
fering from sub-clusterA1 by an altitudinal








sylvestris var. iberica relictmesoforests from
the supratemperate submediterranean and
upper supramediterranean humid belt of the
Gredosmountains,presentboth in thenorth-
ern (Navarredonda de Gredos, Hoyos del
Espino, Hoyocasero) and southern (La
Adrada, San Esteban del Valle, Guisando)
slopes in scattered nuclei.They are charac-
terizedbydiagnosticspeciessuchasSenecio
adonidifolius, Hieracium sabaudum and
Spergula morisonii (Figure 3b, Table 3),
among others, aswell as dense broom com-
munitiesmainlycomposedbyCytisus scoparius
andGenista florida and bywestern endemic
such as Festuca elegans subsp. merinoi,
Centaurea amblensis, Ornithogalum concin-
num and Genista cinerascens (Martínez-
García & Montero, 2000; De la Fuente &
Ortúñez, 2001). The relict population from
sample 17 is located at 1170 m asl
(supramediterranean thermotype areas), shel-
teredwithinamountainstreamandprotected
byalargegraniticbatholithwhichhasallowed
its survival at low altitude on the southern
slopeoftheGredosrange.
Cluster B2 represents pure Spanish black
pine forests in the lower supramediterranean
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Table5.Festuco merinoi-Pinetum ibericae Sánchez-Mata,Gavilán&López-Sáez inLópez-Sáez&al.
2013(Avenello ibericae-Pinion ibericae,Pino sylvestris-Juniperetalia sabinae,Pino-Juniperetea)
Altitude (1=10 m) 150 153 157 146 132 135 130 142 117
Number of species 24 28 33 31 33 32 33 30 36
Relevé number 1 2 3 4 5 6 7 8 9
Sample number (Figure 3) 5 6 7 8 9 10 13 16 17
Aspect SE SE SE SE SE SE S SW SE
Characteristics
Pinus sylvestris var. iberica 5 4 4 4 5 5 5 2 5
Genista cinerascens 1 2 2 2 2 3 2 3 2
Festuca elegans subsp. merinoi 2 2 2 2 3 2 3 3 3
Senecio adonidifolius · · · + · + + · +
Pilosella castellana + + 1 1 · + 1 1 1
Hieracium sabaudum · · + · · + · + +
Spergula morisonii + + + + + · · · ·
Lotus corniculatus s.l. · + 1 1 1 + + 1 1
Santolina oblongifolia + + + 1 · + 1 · 1
Anthericum liliago · · · · + + + · ·
Achillea millefolium + + + 1 1 + + 1 1
Silene nutans + + + 1 + · 1 1 1
Hypochoeris radicata + 1 + 1 1 + + 1 1
Genista florida + · + + · · + + +
Conopodium pyrenaeum · · + 1 + + + · +
Viola riviniana · + + · · + + 1 1
Ornithogalum concinnum · · · · + · · · +
Cytisus scoparius + + 1 1 1 + 1 1 +
Pteridium aquilinum + 1 + 1 1 + 1 1 1
Jasione montana subsp. echinata · 1 + + 1 + 1 1 1
Anthoxanthum odoratum · + 1 + 1 + 1 1 1
Arenaria montana · + + + + + · · ·
Euphorbia nevadensis · · · · + · + · ·
Senecio jacobaea · · · · 1 + · · ·
Ilex aquifolium · · · + · · · · +
Shrubby, forest and perennial companions
Cytisus oromediterraneus 1 1 1 + + · + + ·
Erica arborea 1 1 1 1 1 1 2 2 2
Festuca gredensis + + + + 1 + + 1 1
Luzula lactea + 1 + · · + 1 1 2
Poa bulbosa · 1 · · · · 1 1 1
Avenella iberica 1 1 1 1 + 1 1 1 1
Agrostis castellana + + 1 1 1 + 1 + 1
Festuca paniculata subsp. multispiculata + · + · · · 1 1 1
Rosa canina · · · + · · · + ·
Others
Arrhenatherum elatius s.l. · + + + · · · + +
Cerastium ramosissimum · 1 1 1 · 1 1 + 1
Rumex acetosella subsp. angiocarpus + + + + · + 1 1 1
Carduus carpetanus + · + · · · + + +
Leucanthemopsis pallida subsp. alpina + + 1 1 · + 1 1 1
Aquilegia vulgaris · · · · + 1 · · ·
Lychnis flos -cuculi · · · · + · + · ·
Iris xiphium · · · · + + · · ·
Arenaria querioides · · + · + · · · ·
Otherspecies:shrubby,forestandperennialscompanions:Rubus corylifolius s.l.1in9;Lavandula pedunculata 1,
Frangula alnus,Crataegus monogyna andSorbus aria +in17.Others:Tanacetum corymbosum +in8;Convallaria
majalis,Caltha palustris,Polygonatum odoratum andStemmacantha exaltata +in9;Potentilla alpina subsp.apiifo-
lia 1,Lilium martagon andMonotropa hypopytis +in10.
Localities:Ávila,Gredosrange.1-3:NavarredondadeGredos;4:HoyosdelEspino;5-6:Hoyocasero;7:LaAdrada,
PinaradelaVirgen;8:SanEstebandelValle,LaAbantera;9:Guisando,ChorrerasdeLaLancha.
Helianthemum apenninum s.l.,Avenula sulcata,
Lavandula stoechas subsp. pedunculata,
Dianthus lusitanus, Sedum forsterianum,
Armeria arenaria, Koeleria crassipes and
Festuca paniculata subsp. multispiculata
(Figure3b,Table3).Thiscommunityconsti-
tutes single cohort stand structure so that it
was only dominated by Pinus nigra subsp.
salzmannii in three layers and it is generally
formedbymaturestandsincentralandeastern
massifs of the Gredos range (Regato & al.,
1991, 1992). These communities are mainly
locatedinsoutheastexposuresduetothether-
micrequirementsofSpanishblackpine(Figure
1), representing supratemperate submediter-
ranean (suprasubmediterranean) humid relict
forests. In fact, theGredos range shows high
phytoclimatic suitability for this species in
areaswithhigherrainfall inwinterandspring
and cooler summer temperatures (Romera
García&al.,2001;GarcíaLópez&al.,2005).




of relatively rare vegetation units, especially
in micro- or meso-scale phytosociological
studies,asthepresentedhere,andthustothe
failure of their recognition. An additional
improvement is the use of fidelity values of
speciesfollowingdifferenthierarchicallevels,
as we proposed below. For instance, Pinus
sylvestris var. iberica can be considered a
transgressive diagnostic species having both
diagnostic fidelity values in more than one
group(clustersA1a,A1b,A2)andaconstancy




communis subsp. alpina and Cytisus
oromediterraneus for clustersA1a andA1b;
Agrostis delicatula for clustersA1b and B2;
Hypochoeris radicata, Jasione montana
subsp.echinata,Genista cinerascens and
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Table 6. Genisto cinerascentis-Pinetum salzmannii Sánchez-Mata, Gavilán & López-Sáez ass. nova
(Avenello ibericae-Pinion ibericae,Pino sylvestris-Juniperetalia sabinae,Pino-Juniperetea)
Altitude (1=10 m) 125 105 110 120 125 127 135 113 143 135 134 144 135 140 92 149 125 115 152 123 123
Aspect SE SE SE SE SE SE SE N SE SE SE SE NW SE NW NW NW NW NW NW SE
Sample number (Figure 3) 20 21 22 24 28 31 32 34 37 38 40 42 44 45 47 52 53 54 55 56 57
Number of species 36 33 42 34 30 31 13 34 39 40 29 28 19 22 24 16 24 28 18 29 20
Relevé number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Characteristics
Pinus nigra subsp. salzmannii 4 3 3 3 3 2 3 4 2 3 2 3 3 4 3 3 2 3 3 3 3
Genista cinerascens 1 2 2 3 3 3 3 2 1 2 2 3 3 1 2 + 1 1 1 2 1
Festuca elegans subsp.
merinoi
3 3 2 3 3 3 2 3 1 3 2 2 2 3 2 1 + 1 · 2 +
Festuca paniculata subsp.
multispiculata
+ + 1 1 + 1 · + 1 1 1 + 1 1 1 + + · · · +
Agrostis delicatula 1 2 1 1 · 1 1 1 1 + 1 · · · · · · 1 1 1 ·
Hypochoeris radicata 1 1 1 1 · · + 1 + 1 1 · · · · · + + · 1 +
Jasione montana subsp.
echinata
+ 1 1 + · + · 1 1 1 1 + 1 1 1 · · + · 1 +
Lactuca viminea s.l. + + + · · + + + · · + · · · · · · 1 + + +
Helianthemum apenninum s.l. 3 1 1 1 · · · · · · · · · · · · 1 + · + ·
Avenula sulcata 1 + 1 1 1 1 · + 1 1 + + · · · · 1 1 · + ·
Lavandula pedunculata 2 1 1 + · + + · + + · · · · + 1 2 + · 1 +
Dianthus lusitanus 1 3 1 + · 1 1 · + · · · · · · · · · · + ·
Sedum forsterianum 1 1 1 + + · · · · + · · · · · · · · + · ·
Armeria arenaria 1 + 1 + · · · · · · · · · · · · · · · · ·
Koeleria crassipes · + + · 1 · · + · · + · · · · · 1 1 1 1 +
Shrubby, forest and perennial companions
Cytisus oromediterraneus · · · · · · · · · · · 2 · · · 1 1 · 1 · ·
Festuca gredensis 2 1 1 1 1 2 + 1 1 1 + 1 1 1 1 1 1 1 1 1 1
Echinospartum barnadesii · · · · · · · · · · · + · · · · · · + · ·
Luzula lactea 1 1 1 1 + 1 · 1 1 1 1 1 1 1 1 · · 1 1 1 +
Erica arborea 2 1 + 1 1 1 + 1 1 2 + · 1 + + · · + · 1 +
Festuca elegans subsp.merinoi forclustersA2
andB2;and,finally,Pinus nigra subsp.salz-
mannii forclustersA1bandB2(Table3).
According to the rules proposed in the
‘Material andMethods’ section,Pinus nigra
subsp.salzmannii wasconsideredasdifferen-
tialoftheclusterA1b(Echinosparto barnade-
sii-Pinetum ibericae pinetosum salzmannii),




thatofFestuca elegans subsp.merinoi thedif-
ferentialroleofthetaxonisdifficulttodecide
which vegetation unit is being differentiated
(Φ values:0.251clusterA2,0.264clusterB2),
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Pteridium aquilinum · + 1 2 2 2 · 1 2 3 2 3 2 1 2 · 1 3 · 2 2
Poa bulbosa · · + + 1 1 · 1 1 1 1 1 1 1 1 · 1 1 1 1 1
Agrostis castellana 1 1 1 1 1 1 · 1 1 1 1 1 1 1 1 · + + 1 1 +
Cytisus scoparius · · + + 1 1 · 2 2 1 1 · 1 1 2 · · + · 1 1
Genista florida · 1 + + + 1 · 1 + 1 · · · + · · · · · · ·
Santolina oblongifolia 1 1 · · · 1 · · · + · · · + · · · · · · ·
Avenella iberica 1 2 2 2 1 1 · 1 1 1 1 1 1 1 1 1 1 1 1 1 +
Pinus pinaster s.l. · · 1 · 1 1 · · 1 1 · · + · + + 1 1 · 1 ·
Rubus ulmifolius · · + + · + · + + · · · · · 1 1 1 + 1 1 ·
Crataegus monogyna · · · · · + · + + · · + · · + + + · 1 · ·
Rosa canina · · · · · · · · · · · · · · · + 1 · 1 1 ·
Quercus pyrenaica · · · + 1 1 · · · · · · · · + · + · · · ·
Daphne gnidium · · · · · 1 · 1 · + · · · · + · · · · · ·
Thymus mastichina · · + + · · · · · + · · · + · · · · · · ·
Others
Pilosella pseudopilosella 1 + 1 + 1 · · 1 + · + · · · · · · · · + ·
Clinopodium vulgare 1 1 1 1 · 1 + · + · · · · · · + + · · · ·
Arrhenatherum elatius s.l. · · · · + 1 · 1 1 1 1 + 1 + 1 · · + 1 1 +
Cerastium ramosissimum · · · · · · · 1 1 1 1 + + 1 · · · · · · ·
Rumex acetosella subsp.
angiocarpus
1 + 1 + 1 1 · + 1 1 · · · + 1 + + 1 · 1 ·
Carduus carpetanus + + + · 1 1 + 1 1 1 · + · · 1 + + 1 · 1 ·
Leucanthemopsis pallida
subsp. alpina
· · · · · · · · + 1 1 · · · · · · · · · ·
Armeria caespitosa · · · · · · · · + + 1 + · · · · · · · · ·
Pilosella castellana + 1 1 + 1 · · 1 · + 1 1 1 1 · · · · · · ·
Achillea millefolium 1 · + 1 + · · + 1 + 1 + 1 · · · · · · · ·
Silene nutans + · + + 1 · · + + 1 1 1 · 1 · · · · · · ·
Lotus corniculatus s.l. 1 1 1 · · · · · + + · · · · · · · · · · ·
Anthoxanthum odoratum · · · · · · · · + 1 1 1 1 1 1 · · + · · +
Arenaria montana + + + · + · · · · + 1 + · · · · · + · + +
Conopodium pyrenaeum · · · · + · · · · · · + · · · · · · · · ·
Viola riviniana + 1 + + + · · · · + · + · · · · · · · · ·
Ornithogalum concinnum + · + · · · · · + + 1 + · · · · · · · · ·
Galium rotundifolium + 1 + + · · · + + + · · · · 1 · · + 1 1 ·
Merendera montana 1 1 · · · · · · · · · · · · · · · · · · ·
Corynephorus canescens 1 · + · 1 1 2 · 1 · · · · · · · · · · · ·
Brachypodium sylvaticum + · + + 1 · · + · · · · · · · · · · · · ·
Asplenium trichomanes + + + · · · · · · · · · · · · · · · · · ·
Origanum vulgare · · · · · 1 · · + · · · · · · · · · · · ·
Urtica dioica · · · · · · · · + · · + · · · + + · · · ·
Otherspecies:shrubby,forestandperennialscompanions:Cistus laurifolius 1andCytisus multiflorus +in34.Others:
Carex elata subsp.reuteriana andSpergula morisonii +in38;Ruscus aculeatus +in54.
Localities:Ávila,Gredosrange.1:ElHornillo,LomadelaMajadilla,holotypus ass.;2:ElHornillo,Silvona;3:Guisando,La
Bardera;4:ElArenal,ArroyodelosTorneros;5:ElArenal,Majomingo;6-7:ElArenal,ArroyodelaOrtiga;8:Navalacruz;9:





is rather obvious their diagnostic character
ofclusterB2.Thesefactsallowustopropose
a new pinewood association for relevés of
cluster B2: Genisto cinerascentis-Pinetum
salzmannii ass. nova hoc loco (Table6,holo-
typus,relevé1).
Pinus nigra subsp. salzmannii dominated
forests from calcareous and dolomitic sub-
stratesoftheIberianPeninsulahavebeenusu-
allyclassifiedwithintheordersofQuercetalia
pubescentis andPrunetalia spinosae (Querco-
Fagetea class),Quercetalia ilicis (Quercetea
ilicis class) and Ononido-Rosmarinetalia
(Ononido-Rosmarinetea class)(Regato&al.,
1995; Rivas-Martínez & al., 2001, 2002,
2011;Regato &DelRío,2009).Additionally,
it was mentioned that Pinus nigra subsp.
salzmannii forestsfromtheoromediterraneanand
supramediterraneanbioclimaticbeltsofsouthern
Spain (Baza, Cazorla-Segura and Mágina
ranges) and some from the southern Iberian
SystemshouldbegroupedundertheJunipero
sabinae-Pinetalia sylvestris order (Pino-
Juniperetea class)(Valle&al.,1988;Regato
& al., 1995; Rivas-Martínez & al., 2001,
2002). Given the floristic affinities between
clusters A1-A2 and B2, which share some
common diagnostic species such asAgrostis
castellana,A. delicatula,Hypochoeris radicata,
Jasione montana subsp. echinata, Genista
cinerascens andFestuca elegans subsp.merinoi
(Table3),andacceptingtheconceptofmutu-
al ecological, biogeographical and structural
characteristics, we believe that the Genisto
cinerascentis-Pinetum salzmannii association
shouldbeputintoJunipero sabinae-Pinetalia
sylvestris order and Pino-Juniperetea class,
which comprise mainly a group of western
Mediterranean orophilous woody communi-




or less open canopies, thick shrub layer, and





ly as a result ofwildfires, excessive grazing
and uncontrolled ploughing (Génova & al.,
1992,2009;Cantero,2004;Génova&Moya,
2012), or interspecific competition, mostly
withPinus pinaster s.l.andQuercus pyrenaica
(López-Sáez & al., 2016a). These forests
probablyhadamuchwiderdistributioninthe
past,asshownbyhistorical,dendrochronolog-




of cluster B1 (Figure 2), with statistically
determined diagnostic species for each sub-
cluster,ispresentedinTable3.ClusterB1ais
well defined by Quercus pyrenaica, Galium
rotundifolium and Rosa canina. This cluster
features Pyrenean oak communities, which
locally include relict Spanish black pines.
GalándeMera&al. (1999)considerthisfact
asathermalrelictformoftheFestuco merinoi




pinaster s.l. andDaphne gnidium (Table 3),
includingP. pinaster s.l.dominatedforestsin
the Gredos range that locally house Spanish
black pines in the lower supramediterranean
bioclimaticbelt(~900-1200masl).Probably,
as palaeobotanical data have shown, the
Spanishblackpinehadawiderdistributionin
thepastoccupying loweraltitudinal levelsat
different times of the Holocene (Rubiales&
al., 2007, 2012; López-Sáez & al., 2014).
However,thegradualincreaseintemperature
and competition with other species better
adaptedtofireregimeanddisturbances,such
asPinus pinaster s.l.,reducedthepresenceof
P. nigra subsp. salzmannii in lower areas of
theGredosrange(López-Sáez&al.,2010).
ClusterB1crepresentsrelictpopulationsof
Spanish black pine that found refuge within
alder (Alnus glutinosa) riparianforests~530-
800masl.Itisgenerallyacceptedthatmoun-
tain pines (Pinus sylvestris s.l. and P. nigra
s.l.)areTertiaryrelictswithacontinuedpres-
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lation at lower altitudes in the whole entire
Gredosmountains.Probably, these fragmented
populations survived in situ during the last
glacial maximum rather than having been
recolonized in the post-glacial period, as
shown by genetic studies (Afzal-Rafii &
Dodd,2007;Desprat&al.,2015).
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Syntaxonomical scheme
PiNO-JUNiPERETEA Rivas-Martínez1965
Pino sylvestris-Juniperetalia sabinae Rivas-Martínez1965
Avenello ibericae-Pinion ibericae Rivas-Martínez & J.A. Molina in Rivas-Martínez,
Fernández-González&Loidi1999
Echinosparto barnadesii-Pinetum ibericae Sánchez-Mata,Gavilán&López-SáezinLópez-
Sáez&al.2013
typicum Sánchez-Mata,Gavilán&López-SáezinLópez-Sáez&al.2013
pinetosum salzmannii Sánchez-Mata,Gavilán&López-Sáezsubass. nova
Festuco merinoi-Pinetum ibericae Sánchez-Mata,Gavilán&López-SáezinLópez-Sáez&al.2013
Genisto cinerascentis-Pinetum salzmannii Sánchez-Mata,Gavilán&López-Sáezass. nova
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Cytisus striatus (Hill)Rothm. subsp.eriocarpus (Boiss.&Reut.)RivasMart.
Festuca elegans Boiss.subsp.merinoi (Pau)Fuente&Ortúñez
Festuca gredensis Fuente&Ortúñez
Jasione montana L.subsp.echinata (Boiss.&Reut.)RivasMart.
Festuca paniculata (L.)Schinz&Thell.subsp.multispiculata RivasPonce&Cebolla
Leucanthemopsis pallida (Mill.)Heywood subsp.alpina (Boiss.&Reut.)RivasMart., Fern.Gonz.&
Sánchez-Mata
Pinus sylvestris L.var.iberica Svoboda
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